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             =  10 log10 S  – 10 log10 R – 10 log10 Ko – 10 log10 T              
             =   SdBw – 10 log10 R + 228.6dBw  – 10 log10 T
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JאאאFShielded Twisted Pairs- STPE
אאאאאאא

אאKאאאא
אאאאאא

א
אאאאאאאאאא

אאאאאאאא
אKאאאאSTPא1Aאאא6A

אאKF٣J١E


JאאאFUTPJUnshielded Twisted PairsE

אאאאאאאאאא
אאאאKאא

אאא
אאא

Kאאא
אאאאאKאא

אאUTPאאאאאא
STPKF٣J٢E



א٢٤٢אא
אאאאא(Transmission Channels)
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א אא אא א 
UTP-cat1אJאא

Cat2 ٥}١٤Lאאא
Cat3 ١٦١٠L10BaseT-100BaseT4-

Tele.Sys.  
Cat4 ٢٠١٦LToken Ring LAN 
Cat5 ١٠٠١٠٠L100BaseTx Fast- MAN Fast 
Cat5e ١٠٠١٠٠٠L1000BaseT4-Gigabit Ethernet
Cat6 ٢٥٠١٠٠٠L1000BaseTx – Gigabit Ethernet
STP ١٥٠١٠٠J١٥٠LאLAN אMAN

א 
 
٣J٢J٢ אאCoaxial Cables) E 

אאאאאא
אאאאא

אאא
F٣J٣KEאאאא

אאאאאא
٥٠٠א٥٠٠L

אאאאאאאאאK



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٧٢- 





אאאאRadio 

Government(RG) אRGאא
אאאאאאאא
אW

J אאאאRG-8אאthick 
EthernetK

J אאאאRG-9{ RG-58  { RG-11א
אthick EthernetK 

J אאאRG-59אאK 
 

אאאאאאאאא
W

J אאאאאK
J אאK 
J אאאאK 
J אאאFאEאאK 
J אאאאאאK 



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٧٣- 

 
٣J٢J٣אאFOptical Fiber E

אאאאאאאאאא
אאאאאאאRepeaters

אאאאאא
אאאאאאאאא

אאאאאאאאאאא
אאאאאאא

אאאאאא
אאKאאאאאא

אאאאאאאאא
אאאאאא

אאאאK


٣J٢J٣J١ אאCable Composition



אF٣J٤Eאאאאאאאא

W
J אאאאאאאcore

K



א٢٤٢אא
אאאאא(Transmission Channels)
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J אאאcladdingאאאא
אאאאאאאא

אאK 
J אאjacketאאאK 

אאא
אאאאאא

אאאאK
אאאאאאW


JאאFMultimode FiberE

אאאאאא
אאאKאאאאא

אאאאאאאאא
אאאאאאאK

F٣J٥E



J אאא FMultimode Graded-Index Fiber E 

אאאאאאא
אאאא

אאאאא
אKF٣J٦E



א٢٤٢אא
אאאאא(Transmission Channels)
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JאאFSingle Mode FiberE 
אאאאאאאאא

אאאאאאאאKאאא
אאאא

אאאאאאאא
אKF٣J٧E




J אאFFiber Sizes E 
אאאאאאאא

אFKEאאאא
אK


אאאא

125 62.562.5/125 
125 50 50/125
140 100 100/140 
125 8.3 8.3/125 

 



א٢٤٢אא
אאאאא(Transmission Channels)
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J אאאW 
• ٥K
• א٢LK 
• אאאאK 
• אאאK 
• אאאאאאא

אK 
• אK 
 

J אאW 
• אאאאאאK
• אאאK 
• אאאאאאאKא

אאאאאאK 
 

J אאW 
• אאאK
• אאאאאK 
 Kאאאאאא •
• אאאאאK 
• אאLAN 
• אאK 
 

٣J٣אאאFאEUnguided Media)  E
אאאאFאEאא

אאאאאאא
אאKאאא



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٧٧- 

אאא٣٠٠Kא
אאאאאאאאאאK

W
• אאאאWאאFOmnidirectional AntennaE
• אא–אא–אאWאא

Unidirectional Antenna)KE 
אאאאאאאא

W


٣J٣J١אאא(Propagation Mode) W
J אאF(Surface Propagationאא

אKF٣J٨E


J אאFTroposphereEא

אאא٥٠Kאאא
אאKF٣J٩E

א
א 

א 
א ٣J٨



א٢٤٢אא
אאאאא(Transmission Channels)
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JאאFIonosphereEאא

אא٩٠Kאאאא
אאאאKF٣J١٠E




JאאFLine of SightEאא

אאאא١٠٠K
אאאאאKF٣J١١E

א 

א
א 

א 
א

٣J٩


א 

א
א 

א 
א 

٣J١٠



א٢٤٢אא
אאאאא(Transmission Channels)
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٣J٣J٢אאאאאאא

אאאאאא
אאאאאאאא

אאאאאאאאאאאK
אאאאאאאא

אאאאאK



א

אאא

א      3 K Hz≤א  
 F(ELFא

–3 – 30 K Hzא
F(VLF

––


30 – 300 K Hz 
F(LF

אא300–3000 K Hz
F(MF

אא3 – 30 M Hz F(HF
JJ

אא
א30 – 300 M Hz א

F(VHF

א 
א 

א
א 

٣J١١



א٢٤٢אא
אאאאא(Transmission Channels)
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J
Jא

אFE300–3000 M Hzא
F(UHF

JJJ


אFאE3- 30 G Hz 
F(EHF

אאJ


א30- 300 G Hz א
א

אאאא300- 3000 G Hz
3- 30 T Hzאאאא

א30- 300 T Hz
א300- 3000 T Hz

3x1018- 
3x1023Hz




     אאאאW


JאאאFMicrowaves E

אאא١٢٠{א
אאאאאאאא

אאאא
Kאאא

אאאאאאאא
אאאאאא

אKF٣J١٢E


אW
J אאאK
J אאאאK 
J אאאאאK 



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨١- 

J אאאאאK 
J אאאאאאK 



JאאSatellite) E

אאאא
אאKאא

אאאאא
אאאאFup linkEאאא
אאאאF(down linkK

אאW


אאUplink אאDownlink אאא 
5.925 to 6.425 Ghz 3.7 to 4.2  Ghz C 

14 to 14.5 Ghz 11.7 to 12.2 Ghz Ku 
27.5 to 31 Ghz 17.7 to 21 Ghz Ka 


אאאאאאF١٣٠Eא

אאF٥٠٠Eאאאאאא
אאאאאאאאא

אאאאאאאאא

א
א 

א 
א

 
FE 

٣J١٢



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨٢- 

אאאאאא
אאאאאאאא

אאKF٣J١٣E
אאאאאאאאאא

אאאאאאא
אKאאאאאאאאא

אאאאאאאאא
אאאאKאאאאאW

J אאאאK
J אאאK 
J אאאאאK 
J אאK 
J אאאK 

 
JאאאFRadio Broadcast E

אאאאאא
אאאאאאאKאאאאא

אFomnidirectional antennasEאא
אאאאא



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨٣- 

אאאא(HF)אא(VHF)אא(UHF)KF٣J١٤E
אאאW

J אאאא( M )א(AM)אא٥٠٠K
١٦٠٠KK

J אאאא(SW)א(AM)  אא٣٣٠
K 

J אאאא(FM)אא٨٨١٠٨K 
J אאאא١٠١٠٠K 
J אאאאאאK 
J אאאאK 
J אK 
J אאK 



JאאCellular Telephony) E
אאא

אאאאא(mobile station)א(base 

א 
א 

א

א 

٣J١٤ 



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨٤- 

station)אאאcellאא
אא(mobile telephone switching center)אא

אאאאאאא
אאאא{אאא

אאאאאאKאאאאאאא
אא٩٠٠J١٨٠٠J١٩٠٠٣}٢K

אאאאאאא
אאאאאאאאאKF٣J١٥E




JאאאFWireless LANsE
אאאאאאאא

אאאאאא
Kאאאאא١٥}٥–٣٠}٥
א٢٠LKאאאאא١٥}٥–٣٥}٥

אא٧٢٥}٥–٨٢٥}٥א٢٠LK



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨٥- 


JאאאאFInfrared Links E

אאאאאא
אאאאאאא

אאאא٣אx١١١٠J٣x ١٣١٠K
אאאאאW

J אאאK
J אאאאJאJא

אJאאא٧٥KL٨
א١١٥KLJ٢L

١אאK 
J אאאK 



א٢٤٢אא
אאאאא(Transmission Channels)
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אא


אאW

١Wאאאאאא؟א

٢Wאאאאאאא؟

٣Wאאאאאאא؟א

٤Wאא؟K

٥WאאאאאאK

٦WאאאW

J אאאאאK
J אאאאאK 
J אאאRG-8אK 
J אאא٤٥٠٠אא

א٦K 
J אאאאאאאK 

 
٦WאאאאאK

J אאאKKKKKKKKKKK
J אאK
J אאK 
J אאK 
J אאK 



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨٧- 

J ؟אאאאK
J אאאK
J אאאK 
J אאאK 
J אאאK 

 
Jאאאאא؟K

JאאאK
JאK
JאאK
JאאK

JאאRGאKKKKKKKKK

JאאאK
JאאK
JאאK
JK


Jאא{אאאא……אK
JK
JK
JאK
JK


Jאא{א{…K
JאאאאK
JאאאאK
JאאאאאK



א٢٤٢אא
אאאאא(Transmission Channels)

 


-٨٨- 

JאK


Jאא{אאאK
JK
JK
JK
JK


٧Wאא٨אKאא
אK
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א٢٤٢אאא
אאאאאאData Encoding) E

 


-٨٩- 

אאאWאאData Encoding) E 


אאW

אאאאK


אאW
אאאW
J אאאאK
J אאאאK 
J אאאאK 
J אאאאK 

 
אאאW

אא٩٠K٪


אאאW
אK


אאW

אאאK


אאW
אאאאK







א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٠- 

٤J١
אאאאא

אאאאא
אאאאאאא

אאאא
אK

אאאאאאא
אאאאאאאאאא

אאאאאא
אF(Data Codingאאא

אFCoderEאאאאא
אF(Decoderאאא

אאCodecK


٤J٢אא(Encoding of Digital Data)
אאאאאאאא

אאאאאאאאאא{אא
אא

אאאאאאW


K אאאא
אאאא

א
אאאאK





א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩١- 

Jאאאאא
אאאאאאא

אאא
אאאאאאאא

אאאאאאאK

Jאאא

אאאאאאאאא
אאאאאFEאאא

אאK


Jאאא
אאאאאאא

אאאאFאKE


Jאא
אאאאאא

אאאאאאF
אא1אא0אא0אא1KE

אאאK



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٢- 


٤J٢J١אאאאFUnipolar NRZE

אאאאאאאאאא
אFHighEאאFLowKE

אאאאאאW


NRZ – LevelWא–אאא - أ
אאאאאאאאאא

אאאא{אא1א
אא0K








אא 

א



א

א


 
א



٤J١

NRZ -L 
0

+V

0 1111 0 0 00

٤J٢



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٣- 

אEncodingEE
• א1אWאH VאאTbK
• א0אWא0 VאאTbK

אאW
J אאאאאK
J אאאאאאאK 
אW
J אאאאאאאאK
J אאאאאא

1,sא0,sK 
J אאאאאאK 

 
NRZ – SpaceEEא–אא - ب


אאאאאאאאא

אאאK



אFEncodingE

• א1א Wאאאא
0Vאא10Vאא

TbאK

NRZ -S 

0

+V

0 1111 0 0 0

٤J٣



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٤- 

• אא0Wאאא
0אVאא0+Vאא

TbאK 
אאW
J אאאאאK
J אאאאאאאK 
אW
J אאאאאאאאK
J אאאאאא1,sK 
J אאאאאאK 

FNRZ – MarkE–אא - ت
אאאאאאא

אאאאאK



אW

• א1אWאאא
0אVאא1+Vא

אאTbK
• א0אWאאאא

+Vאא0+VאאTbK 

NRZ -M 

0

+V

0 1111 0 0 0

٤J٤ 



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٥- 

אאW
J אאאאאK
J אאאאאאאK 
אW
J אאאאאאאאK
J אאאאאא0,sK 
J אאאאאאK 


٤J٢J٢אאPolar EncodingEE
אאאא+Vא

-VKאאאאK





אא

NRZ-I 
 

NRZ RZ א

NRZ-L 
 

  

٤J٥ 



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٦- 

٤J٢J٢J١אאאPNRZEE
אאאW


Jאאא–FPNRZ – LevelE

אאאאאא
אאK




א(Encoding)
• א1אWא+VאאTbK
• א0אWא–Vאא  .Tb 


אאW
J אאאאאאאא

אK
J אאאאאא

אK 
אW
J אאאאאא1,s

א0,sאא
אאK 

PNRZ -L 

0

+V

-V

111 10 0 00

٤J
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אאאאאאData Encoding) E

 


-٩٧- 


Jאאא–FPNRZ – IE


אאאאאא1,sK


א(Encoding)

• א1אWא+V-V
אא1א,sאאTbK

• א0אWא–V אאTbK 
אאW
J אאאאאאאא

אK
J אאאא1,sK 
J אאאאאא

אK 
אW
J אאאאאא0,s

אאאאK
 

PNRZ -I 

0

+V

-V
111 10 0 00

٤J



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٨- 

٤J٢J٢J٢אאאFPRZE
אאאאאאא

א1,sא0,s אאאF-
V, 0 , +VEK




א(Encoding)

• א1אWאאא{ Tb/2א+V
אאא0VK

• א0אWאאא{Tb/2א–V 
אאא0VK 

אאW
J אאאאאאאא

אK
J אאא1,sא0,sא

אאאTbK 
אW
J אאאאאאא

K
J אאאאאאK 

 

PRZ 

0

+V

-V

1 11 0 0 0 0
1

٤J

0



א٢٤٢אאא
אאאאאאData Encoding) E

 


-٩٩- 

٤J٢J٢J٣אאJאFPolar Bi-phaseE


אאאאאאא
אאאאW




J אא–Polar ManchesterEE
אאאאאאא

אאKאאא–V ,+V
אאאEthernet K


א(Encoding)

• א1אWאאא{Tb/2א+V
אאאא–VK

• א0אWאאא{Tb/2א–V
אאאא+VK 

אאW
J אאאאאאאא

אK

0

+V

-V

1 11 0 0 0 0
1

٤J
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אאאאאאData Encoding) E

 


-١٠٠- 

J אאא1,sא0,sא
אאאTbK 

אW
J אאאאאאא

K
J אאאאאאK 

 
J אאJאFPolar Differential ManchesterE


אאאאאא

אאאאאא
אאKאאאאא

(Token Ring)K


א(Encoding)

• א1אWאאא{Tb/2א1
XORאא10KאאאאאK

• א0אWאאא{Tb/2א0
XORאא10KאאאאאK 

0

+V

-V

1 11 0 0 0 0
1

٤J
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אאאאאאData Encoding) E

 


-١٠١- 

אאW
J אאאאאאאא

אK
J אאאאאאTbK 

אW
J אאאאאאאK
J אאאאאאK 

 
 

٤J٣אא(Scrambled Encoding) 
אאאאא–V, 0 , +VK

אאאW


٤J٣J١אא (AMI)
אאאא1,sאא

אאאאאK



א(Encoding)

• א1אWא1,sאאK
• א0אW0VאאTbK 

AMI 

0

+V

-V
111 10 0 00

٤J١١
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-١٠٢- 

אאW
J אאאא1,sאאאא

K
J אאא1,sא1,sא

0,sK 
J אאאא+V

–VK 
אW
J אאאאK
J אאאאאא0,sK 

 
٤J٣J٢אאFHDB3E

אאאאאאאאא
אאK0א,sאא

AMIKאHDB3א0,sK


א(Encoding)
• 1+VאאTbאAMIK
• א0000א000XY00XX

VYBVK 
• 000אXאאאאK 
• 000אXאאא

1א,sאK 
• 000אXXאא

K 
• אY00Xא0000אא1,sא

אאאK 



א٢٤٢אאא
אאאאאאData Encoding) E

 


-١٠٣- 

• אY00XX,Yאא
YK 

אאW
J אאאאאאאא

K
J אאאK 
J אאאK 
J אאK 
אW
J אאאאאאK 
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אאאאאאData Encoding) E

 


-١٠٤- 


+V

-V

0

0

AMI 

001 00 0 0 01 000 11 1

HDB3

AMI +V

-V
001 00 0 0

0

01 000 11 1

0

HDB3 

Original       1    0    1    0    0    0    0    0    1    0    0    0    0    1    1    0     
Signal 

 
HDB3           1   0   -1    0    0    0   -1    0    1    0    0    0    1   -1   1    0     

Original       1    0    1    0    0    0    0    0    1    0    0    0    0    1    1    0     
Signal 

 
HDB3           1   0   -1    0    0    0   -1    1   -1    1    0    0    1   -1   1    0     

٤J
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-١٠٥- 

٤J٣J٣אFB8ZSE
אאאאאאאא

אאא0,sאAMIK
אB8ZSאאKא

אאאאB8ZSHDB3, AMIK
F٤J١٣KE






א(Encoding)
J 1+VאאTbאAMIK
J אא00000000א000WX0YZK 
J 000אWX0YZא000NP0PNאא

אWK 
J 000אWX0YZא000PNoNPאא

אWK 
J 1א000WX0YZZK 
J אאא

B8ZSאאאK 



א٢٤٢אאא
אאאאאאData Encoding) E

 


-١٠٦- 

אאW
J אאאאאאאא

K
J אאאK 
J אאאאאK 
J אאK 
אW
J אאאאאאK 


 
٤J٤אאא
FM- arry Encoding and Modulation RateE

אאאאאאא
אאאאא

אאאKאאא
Fא–א–אEאאאKא

אאאאאאא
אאאF(Shift KeyingKאאא

W

JאאאFAmplitude Shift Keying-ASKE 

אאאאא
אאאK

JאאFrequency Shift Keying-FSKEE 
אאאא

Kאאא



א٢٤٢אאא
אאאאאאData Encoding) E

 


-١٠٧- 

JאאPhase Shift Keying-PSKEE
אאאא

אאאK
אF٤J١٤Eאאאאא

אאK





אאאא
א{אאא1אא
אאא0אא

אאאאאאאאאאא
אאאאF(modulation rateא

Baud rateאאאאאאKא
אMאאאM=2K

אאW




א٢٤٢אאא
אאאאאאData Encoding) E

 


-١٠٨- 

J אאאK
J אאאאאאאK 
J אאK 

אאא M>2אא
אאאאK

אW
J אBPSKאאאM=24PSKא

 M = 4 =22א
F٤J١٥KE 



 


JאBPSKאאM=28PSKא
M=8=23אF٤J
١٦KE
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אאאאnאאאאM
W

M = 2n 
n = log2 M 
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אאאאW
J אאאM-aryZ360°/MK
J אאאאאאZ180°/MK 

W
Jאn = 2אאאM = 2n = 22 = 4K
Jאn = 3אאאM = 2n = 23 = 8K


٤J٥אאא
FPerformance of M-array Encoding SystemsE

אאאאאא
W

J אאK
J אאאאאאא

אאFS/NKE
{אאאא

אM>2אאא
אLאאאאL

אmodulation rateKאאאRLאא
DLW

D = Baud Rate = bit rate / Baud length = R/n           Baud/ sec.                 
n = log2 M                                                                                          
R = D . n = D log2 M             bit/sec. 
                                   



Digital Data

 
Binary Encoder 

 
M-array Encoder

D baud rateR  bits/ sec

 ١٧-٤شكل 
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אF٤J١٧Eאאא{D{אאא
א{W{אW

D = 2W                                                                                                   
R = D . n = D log2 M = 2W log2M           bit/sec                           
W = R/ 2 log2 MHz                                

אאאאאאאאlog2 MM
אאאאאK

W
8- PSKא١٠Lא

٨٠KאאאאאK
אW

M = 8 = 23 = 2n                                                                         
n = Baud length = 3 bits                                                                 
R = 10  M bit/sec 
D = R/n = 10 M /3 = 3.33  M Baud/sec                    
W = D/2 = 1.66 M Hz                                          


٤J٦אאQuaternary Phase Shift Keying-QPSKEE

אאאM-ary EncodingM = 4٤א
אאאKאF00011011E

אאאאאא
אKאאF٤J٢٠}١٩}١٨EאQPSK

אאאאK
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אאא


אאW

١Wאאאאאאאאא؟

٢WאאאאK

٣Wאאאאאאאאאא؟א

٤Wאאא؟

٥WאאאאאNRZ-Lאא1,s

אא0,s؟

٦WאאאW

J אאאאאK
J אאNRZאאאK 
J אאאאK 
J אא8-PSKאאאאLK 
J אאאאאא

אאK 
 

٧WאאאW
J ASK, FSK, PSK, QPSK W


JDigital-to-digital
JDigital-to-analog
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JAnalog-to-analog
JAnalog-to-digital

JאPCMW

JDigital-to-digital
J Digital-to-analog
J Analog-to-analog
J Analog-to-digital

JאאאאW

JDigital-to-digital
JDigital-to-analog
J Analog-to-analog
J Analog-to-digital

JאאאאK

JNRZ-L 
JRZ 
JB8ZS 
JHDB3

 
JאאאW

JUnipolar 
JNRZ-L 
JNRZ-I 
JRZ 
JManchester
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٨Wאאאאאא10110101011001א
NRZ-L AMIK


٩Wאאא8א-PSKKא

אאאאא٦٤אKLK

١٠Wאאא4א-PSKK
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אאWאאא(Digital Data Communication) 




אאW
אאאאאאאאאK


אאW
אאאW

١J אאאאאK
٢J אאאאאK 
٣J אאאאK 
٤J אאאאאאK 
 
אאאW

אא٩٠K٪


אאאW
אK


אאW

אאאK


אאW
אאאאK
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٥J١
אאאאא

אאאאKאאאאאא
אאאאאאא{אא

אאאאאאאאא
אאאאאאאK

אאאאאאK

٥J٢ אאאFDigital Data Transmission MethodsE

אאא
אאאא

אאF٥J١EאאאאאאאK




٥J٢J١ אאאאParallel TransmissionEE
אF٥J٢Eאא

אnאאאn
אאאאא

אא 

אאאאאאאא 

אאא
א

אאאא 

 ١-٥شكل 
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אאאone clock pulse Kאאאאאאא
אאא

אאאFאאאJאאאJ
אאאEאאKאאאא٨J

١٦J٣٢J٦٤K


٥J٢J٢אאאא(Serial Transmission)

אאאאא
אאאnאא

אאאnאKא
אאאאאאאKF٥J

٣KE
אאאאאאא

אאK




אאאאאאא
אאאאאאאא

 
CPU 

 
 

Memory

1
1

1

0
0

٢-٥شكل 

א א 
1 0 10 0

٣-٥شكل 
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אאFאאJאJאEאא
אאאאאאאאאאK


JאאאאFAsynchronous TransmissionE
אאאאא0,sא1,s

٥٨
אאאאא

אאאאאאאא
frameאW


Jאאא0TbK
Jאאאא٥٨K
Jאא1Tb2TbK
Jאא01אאK

אאאאאא
אאאאאאאא

אאאאאKאF٥J
٤EאאאאאאאK





Idle slot     one                      5- 8 bit data                      ch. bit       1-2      Remain idle    
of line        bit                                                                odd even     bits     or next-start bit

start stop

1 0 0 1      1  0        0 1      1  1 0 

٤-٥شكل 
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JאאTransmission EfficiencyEE
אאאאאאאאאא

אאאאאאאאא
אאאאאאא

Kאאאא
kאאאאnאאW

Transmission Efficiency = k/n×100  %
 

                =8/11X100%  = 72.73 % 
waste percentage= 100% - 72.73 % =27.27 % 



JאאאאFSynchronous TransmissionE

אאאאאאאאאא
אאאאאאא

אאאאKאאא
אאBlockאא

אאW
Jאא٨אאאאK
Jא٨J١٦אאאא

אאא
K
JאאאBlockאK
Jאא٨J١٦אאא

K
Jא٨אאא

אאK
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אאאאאאאאאא
אאאאאא

אKאאאאאFאאאEא
אאאאאאאא

אאאאאא
אאאאאאF٥J٥Eאאא

אאאאK


W

אאאאאאאK
Transmission Efficiency = k/n×100  % 
=2400/2432 × 100% 
=98.68 %
waste percentage= 100% - 98.68% =1.32 %


Kאאאאאאאא

אאאאאאאאhigh-level data link 
control protocol (HDLC)K


٥J٣ אאאTransmission ModesEE
אאאאאאאאא

F٥J٦KE

8-bit flag    control              Block of Data    Error control           8-bit flag
(sync.)        8 or 16 bits        2400bits             8 or 16 bits                (sync.)    

٥-٥شكل 
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٥J٣J١ אאאאSimplex ModeEE
אאאאאאאאא

אאאF٥J٧E{אאא
אJאJאאאאJאא
K


٥J٣J٢אאאFHalf Duplex Mode -HDXE

אאאאאאא
אאF٥J٨Eאא

אאאאאאאא
אאאאאאאאאא

אאאאKאאאאא
אאאאאאאאK

Broad 
Cost  

Radio 

Simplex 

٧-٥شكل 

אא   

אא
א

אא


אא
א 

אא
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٥J٣J٣אאא(Full Duplex Mode-FDXE
אאאאאאא

אאאאאאאאאא
F٥J٩KEאאאאאאא

אאאאאאאאK
אאאאאאאאאK


٥J٣J٤אאאFFull/Full Duplex Mode-F/FDXE

אאאאאאאא
אאאאאאאא

אאאאאK
אF٥J١٠EאאאאאK

 
Station A 

 
Station B

Half- Duplex

٨-٥شكل 

 
Station A 

 
Station B

Full- Duplex

٩-٥شكل 
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٥J٤ אאFFError Control
אא

אאאאא
אאאאאאאאK

אאאאאא
אאאאא

אאאאאאאאא
אאאאאW

J א(Noise)K
J אאאF(Limited bandwidthK 
J אאFBit rateKE 

אF٥J١١Eאאאאאאא
אK

 
Station A 

 
Station B

Full/ Full- Duplex

 
Station C

 ١٠-٥شكل 
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٥J٤J١ אאFTypes of ErrorsE
אאאאאאא

אאאאאא
אאאF٥J١٢KE

 


JאאאFRandom ErrorsE
אאאאא

אאאאאאאsingle errorאאא
K

Types of errors 

Random 
errors 

Burst 
errors 

١٢-٥شكل 
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אא0 1 0 0 0 1 1 0 

אא0 1 0 1 0 1 1 0 
error


JאאFBurst ErrorsE

אא
אאאאKא

אאאאאא
אא

K
1 1 0 0 0 0 1 0 0 0 1 00 0 1 0

1 1 0 0 0 0 1 0 1 0 1 1 1 0 1 0
errorerror

 
אאאאאאerror detection

אerror correctionאאא
אאאאאאאFאאא

redundant bitsEFאאparity bitsEאא
אאאאא

F٥J١٣KEאאXORאאא
אאאאאאאאW


1 + 0 = 10 + 1 = 1 1 + 1 = 0 0 + 0 = 0 
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אאאאאאא
אK

 
٥J٤J٢אאFError DetectionE


אאאאא

אאאאK
אאאאאאא

F٥J١٤KE


JאאFParity check BitE

א٧٨א
אאodd parityאאeven parityאאא1,sא

Error Detection 
Techniques

Vertical or 
Horizontal 

Redundancy 
Checking  

Cyclic 
Redundancy 

Checking 

 ١٤-٥شكل 

Error Control 

Error 
Detection

Error 
Correction

 ١٣-٥شكل 
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אאאאFEאאא1,s
אאאאאאאאא

אאאאאK
אאאאאאאאK


אאאאאאאא

1010111 1010111 0« 1010111 1« 

JאאאאFFLongitudinal Redundancy Check-LRC

אאא
אאאאאאאא

אאאאאאאאאא
אאאאK

אאאאאאאאאא
LRCK

אאLRCא
אאאKאאאא

אאאאאא
אאאLRCK

W
אאWw1= 11100111,w2= 11011101,w3= 00111001,w4= 10101001 

אאW1= 11100111w 
W2= 11011101
W3= 00111001 

w4= 10101001 

LRC= 10101010 

אאHLRCW
LRC W4 W3 W2 W1 
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10101010 10101001 00111001 11011101 11100111 

JאאאאFCyclic Redundancy Check-CRCE

אCRCאא
אאאאאאא

אאאאאאK
אאאאאאאאאא

אאאאאאא
אאאאאאא

אאאאא٩٥}٩٩٪אאאאא
אK

אאאאאאאא
אpolynomialאאאא
א0א1אW


אZDZ1 0 1 0 0 1 1 1 

אאD(X)ZX7 + X5 + X2 + X + 1 


אאאאאאאאאאא
אW

CRC-12 = 1100100000011 = X12 + X11 + X8 + X + 1
CRC-16 = 11000000000000101 = X16 + X15 + X2 + 1
CRC- ITU-T = 10001000000100001 = X16 + X12 + X5 + 1


אאאאאאאאK


GאWD = 10110111      , D(X) = X7 + X5 + X4 + X2 + X + 1     
GאאWg = 110011          , g(x) = X5 + X4 + X + 1                             
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אW
אb(x){b(x)אא

Xm×D(x)/g(x)mאg(x)א
אאCRCאm = 5K

 
 Xm×D(x)= X5×(X7+X5+X4+X2+X+1) 

                  = X12+X10+X9+X7+X6+X5 
אאאאא

אאאאאאאK


X7+X6+X4+X2+X+1
X12+X10+X9+X7+X6+X5

X12+X11+X8+X7
X5+X4+X+1

X11+X10+X9+X8+X6+X5

X11+X10         +X7+X6

X9+X8+X7             +X5

X9+X8                      +X5+X4

X7                                        +X4

X7+X6                                        +X3+X2 
X6        +X4+X3+X2

X6+X5                 +X2+X
X5+X4+X3     +X
X5+X4              +X+1
X3+1 = remainder = b(x)  , b = 01001 = CRC


אאא{T(x)W

 T(x) = Xm × D(x) + b(x) 
         = X12+X10+X9+X7+X6+X5+X3+X

א{TW
 T = 1 0 1 1 0 1 1 1 0 1 0 0 1 = Data + CRC
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٥J٤J٢ אFError CorrectionE

אאאאאא
אאKא

אאאאאאאK
אאאאאאא

אאאאאאא
Kאא{א

KאאאK
 
JאFAutomatic Repeat Request –ARQE

אאאאאאאא
א(ARQ)אאא

אאאאKאא
אאאF٢٥٦٥١٢E

אאאאאאאא
אאאאאאאאאא

אאאא
KאARQK


?אאStop-and-Wait ARQ?אW

JאאאאאאK
JאACKאאאK
JאNACKאאא

אאK
Jאאאא

אאאאאא
Kאאאאאא
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אאאאאאא
אאאKאF٥J١٥E

אאאאאK




JאאFFForward Error Correction-FEC

אאאאא
אאאאאאאK

אאאאאאא
אאcyclic codeHamming code

אאאK
אאאאאא

אאאאאא
אאאא

אאKאאא

Frame 0

 ١٥-٥شكل 

Tx Rx

ACK0

Wait time 
out 

Frame 1

Frame 0  lost

Frame 0

Frame 1

ACK1

NACK1

Frame 1

ACK1

ACK0
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אאאאאאא
1,2,4,8,16א,.. אא

אאאK


W
אאא{nא{kאא{m

Wn = m + k = 2m -1                                                                               
m = 3W n = 2m -1 = 23 – 1 = 7 

                         k = n – m = 7 – 3 = 4 bits 
אאZאאZ3K


אאאא1,2,4אא3,5,6,7

W       d d d m d m m 
7 6 5 4  3 2  1  

אאאאW
 000א
 0011 
 0102 
 0113 
 1004 
 1015 
 1106 
 1117


٥J٥אאאאאFInterfacingE

אאאאאא
אאאFאא–א–אEא



א٢٤٢אא
אאאאאאא(Digital Data Communication)

 


-١٣٤- 

אאF––א–אEאא
אK

אאאאאאאא
אאאאInterfaceאא

אאאאאא
אא?אאא"Data Circuit Equipment (DCE)א

אאאאאאא
אאאאאא

אאאKאאאאאא
אאאאאא

?אאאData Terminal Equipment (DTE)?
אאאאאאאDCE, DTEא

אאF٥J١٦KE


אאאאאאאא

אDTEאDCEא
אאF(Interface Portאאאאאאא

אאW
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JאאאFMechanical Characteristics E

אאאאא
FJאJJJאEאא

אאK



JאאאFElectrical CharacteristicsE


אאאאאאאאאאא

אאאFEאאאאא
אאKאאDTEאDCE

אאK
 
Jאאא(Functional Characteristics)

אאאאאאFאEא
אאא

אאK
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JאאאאProcedural CharacteristicsEE
אאאאאאאא

אאאאאא
אאאאאא

אאאאK
אאאאאא

אאElectronic Industries Association (EIA)א
אInternational Telecommunication Union- Telecommunication Standards 

Committee(ITU-T)אאEIA-232 RS-232
אאDTEאאDCEKאאאאאאאK
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٥J٦ אFModem UnitE


אאאאא

אאאאא{אאא
אאאאאאאאא
אאאאאא{אא

אאאאאאאאא
אאאאא

אאאאאאאאא
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אאאאאאFJEא
DCEK

אאאא
אאאא?אאאא?א

אאאאא
אאאאF٥J١٩KE






אא
אאאאאאאאאא

אאאאאאK
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אאא
אאאאאאאאK

אW
JאאאW

אאאאאאאא
אPSK- QAMאאאאאK




JאאאW
אאאאFSK

אאאאK


٥J٦J١אאא
אאאאאאא

אאאאאאאאאאא
אאאא
אאאאאא

אK


J אBellא
אאאאאK

אאאא103202209
K
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Max. Bit 

Rate 
Modulation 

Type
Synchronization 

Mode
Operating 

Mode
Line 

Facility
Modem 
Series

300 b/s.FSKAsynchronousFDXDail-up103
1200 b/s.FSKAsynchronousHDXDail-up202 S
1800 b/s.FSKAsynchronousHDX/FDXPrivate202 T
9.6k.b/s.16-QAMSynchronousHDX/FDXPrivate209 A
9.6 k.b/s.16-QAMSynchronousHDXDail-up209 B


JאאאאCCITTאITU-T

אאאאאKאאא
VאאאאV

אא V.29 V.34K 


 
DescriptionRecommendation

9600 b/s – FDX – Leased CircuitsV.29
9600 b/s – FDX – Leased Circuits + Echo SupressionV.32

14.4 k.b/s – FDX – Leased LinesV.33
(V.fast) ITU- 28.8 k. b/s StandardV.34
(V.fast) ITU- 56 k. b/s StandardV.39
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אא


אאW


١WאאK


JאאאKKKKKKKKKKK{אאאK

JאאאאK
JאאאאK
JאאK
JאK

JאאאKKKKKKKKKKK{אאאאK

JאאאאK
JאאאאK
JאאK
JאאאK

JאאאW

JJאJK
JJJK
JJJK
JJJK

JאאK

JVRCK
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JLRCK
J CRCK
JאאK


Jאא1110111א1101111אK
JאK
JאK
JK
JאK


JאאאאCRCK
JאK
JאK
JאK
JK


Jאא111111א1010אK
J111111000 
J1111110000 
J111111 
J1111111010

٢W٢٤٠{אKאאאאאא

אאאאאאאאKאאK

٣Wאאאא01101011{אאאאK

אאK
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٤Wאאאא10010101 01001111 11010000 11011011{

אאאLRCאKאאK

٥Wאאאא11001100111א

אא0101KאאאאK

٦Wאאאאאאאא

אאK
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אאWאFMultiplexingE
אאW

אאאאאאאאאK


אאW
אאאW

١J אאאK
٢J אאאאאK 
٣J אאאאאאK 
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Jאא    Non-Real-Time Variable Bit Rate 
(nrt-VBR)WאאאאQoS

אאKא{אאא{אא{
אאK

Jאא(Unspecified Bit Rate -UBR)W
{אאATMאא

CBRאאVBR {   W١J
א אCBR  ,VBR٢JאVBR

א אא   א א  K  א  א  
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UBR אWאJאJאJאJא
K

Jאא(Available Bit Rate -ABR)
 א  א  end-to-end TCP

 א אא א  א אא א {    
TCPאאאKאאABR

Peak Cell Rate (PCR)אMinimum Cell Rate (MCR)
אKאאABRאLANאATM

K


٧J٩) AAL (AAL Services
ITU-IאאAALW
• אאאאאאFאKE
• אאאאאא

אאATMאאFאEא
אK 

• אאאK 
• אאK 
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١WאאאATM

٢WATM؟

٣WאאאW

J אאVCC
J אאVCL 

 
٤WאאאאאאאV P؟

٥WאאאATM؟א

٦WאאאאATM؟
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אאWאאFLANs and Its InstrumentsE
אאW

  א א א  א א אא א א 
אאK


אאW
אאאW

١J אאאאאK
٢J אאאK 
٣J אאאאאאא

Token Bus-Token Ring- FDDI. 
٤J אאאK 
 

אאאW
אא٩٠K٪


אאW

5אK


אאW
אאK


אאW

אאאאK 
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٨J١
אאאאאא

אאאאאאאאא
אFJJEאאאא
א{

F٨J١KE





אאW
Jאאאא

א١٠אK
JאאאאאK
Jאאאאא١L١٠٠
LאאאK
Jאאא

K
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אאאאאאאא

אאאאאאאאאאא
אאאאאא

אאK


٨J٢אא
אאאאאW

J אאאאאK
J אאאFtopologyEא

אאK 
J אFKE 
J אאאאאאאאK 
J אאאאאK 
J אאאאK 
J אאאאאאא

אK 
J אאאאאאK 

אאאאאא
אאאאאא

אאK


٨J٢J١אא
אאאאא

אאאאא
אאאאW
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JאServerK
אאאאאא

אאאאא
אאאאאאאא

Kאאאאאאא

JאFClient StationE

אאאאאאאא
אאאאאא

אא،אאא
אאאאאא

אאאאאאK

JאאאFPeripherals ServerE

אאאאא
אאאKאאאאא

אאאאאאאא
אאאאאא

אאאאאאK

JאאFRepeatersE

אאאאא
אאK

אאאאאOSIKאF٨J٢Eא
אאאOSIK
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JאFBridgesE

אאאאא
אאא

אKאאאאאאאא
אאאאאאא

OSIKאF٨J٣Eאאא
K
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JאFHUBSE
אאאאא

אאאאאKאאא
אאאאא

אאאאאאא
א  Kאאא

אאאא
אאאא



א٢٤٢אא
אאאאאא(LANs and Its Instruments)

 


- ١٨٨ - 

אאKאאאאא
אאOSIKאF٨J٤Eא

אאK


JאFSwitchesE 

 אאאאא
אאאאאKאא

אאאאאאאא
אOSIKאאאאאאא

א{אאאאאאא{
אאאKאF٨J٥E

אאאאK
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אאא
אאאאא{

אאאאאא
١٠٠LK


JאFRoutersE
אאא

אאאאאא
אאאאאKאF٨J٦E

אאאK
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אאאאאא

אאאאאא
אאאאא

אאאאאא
אאאאאאאא
אאאאא
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אאאאאאא
אאאא{

אאאאאאא
אאאא

אאאאאאאאK
אאאאאאא

אאאאאא
אאאאא

אאאאאK


JאFNetwork CardE
אאאאאא

אאאאאא
אNICאאאאא
אKאאאאא

אאאא
אאKאא
אאאRJ45, AUI, BNCK

 
א

אאאאאW
١Jא

אאאאא
אאאאאK

אאאאאאאאא
אK
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٢Jא  
אאא

אא{אאאא
אאאאאאאא

אאאאKאא
אאאאאאK


٣Jאאא

אאאאKאא
אאאKאאאאאאאא

אא{אאאאK
אאאאK


٤Jאא

אאאא
אאאKאא

אאאKא
אאאא

אK


٥JאאLא
אאא{אאאא

אאאאאאאK
٨אאא

١٦٣٢٦٤אאאאאאאאK
אאאאאאא

אאאאאאאא
אKאאאא
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אאאא{אא{
אאאאאאאא

אאאאאאK


٦Jאא
אאאאא

אאאאאא
אאאאאאK


٧Jא

אאאאאאא
אאאאW


JאNetwork Operating System

אאאאא
אאאאאאא{

אאאאאא
אאאאא

אאאKאאאא
אא

אא{אאאא
אאא{א

אאK
אאא

אא
אKאאא

אאWindows NTNetWareUnix
אאאאLinuxK
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JאאאApplicationsW
אאאאאאא

אאא{אאא{אאא{אאא
אאאאאK


JאאאUtilitiesW

אאאא
א?א?אאאאא

אאאאאאא
אאK


JאאFGatewaysE

אאאא
אאMainframe Computersאא

PCs{א{אאאאK
אאא

אאאא
אאאאאאא

אאאאא{א
אאאא

אאאאOSIK
אאאאאא

אאאאאאIPXF
NetWareEאInternetאאIPאא

אIPX - to – IPKאF٨J٧Eאאאא
K



א٢٤٢אא
אאאאאא(LANs and Its Instruments)

 


- ١٩٥ - 


J

אא
N- SeriesT- Connector 

אBritish Naval Connector (BNC) אא
אאRJ45א

אאK
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٨J٣אא
אאאאאאאא

אא{אאאאא
אאא{אא

אאאK
אאאאאא

אאאא
אW

JאEthernetK
Jא.Token Bus
Jא     .Token Ring
JאאFiber Distributed Data Interface (FDDI)K

אאאIEEEProject 802
אאאאANSIK


٨J٣J١EthernetW 

   ١٩٦٠  א א     א  
אאאאאאWא

אאLאK
א  א    א        

אא١K
א١٠٠٩٤}٢Lאא

אEthernetW
JDigital Equipment Corporation ( DEC )

 Intel -  
-  Xerox
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١٩٨١אDIX 1.0١٩٨٢אא
DIX 2.0FKDIXאאאאאאאאK

אאאאIEEEא٨٠٢{
אאאאאאא{א

אIBMאאToken RingאK
IEEEאא{אIEEE 802.3

אToken RingIEEE 802.5K
א{אאאא

אאאאK


Jאא(CSMA/CD) MACK
 א א  א  א  Carrier Sense 

Multiple Access with Collision Detection [CSMA/CD]אאא
Kאאאאאא

אאאאאא
א אאא א   {

אאFאא
אlisten before talking (Kאאא

א{אאאאא
אאKא{

  א   א   א    KאF٨J٨ E
אK
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אאאא{א
א         {א אא  א   א

אאFאאאאKE


JאK
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JאFPreambleE 
א ٧א F…….١٠١٠١٠١٠( א

אאאאאאK
Jאא(Start Frame Delimiter -SFD)   

 אא אא١٠١٠١٠١١א
אאאאאאאאK

JאאF(Destination Address 
אאאאאא(Hexa Decimal System)

.٦אאאKאא
אאאאIEEE 802.3 Ethernet{

אאאאא
אאאאאROM Chipאאא

אאK


אא אא 
0E-B1-68 00-04-76

 אא 


JאאFSource AddressE 
 אאאאאאא٦

אאאאK

JאLאEther Type / Length

אאאא٢
אאאאא

אIEEE 802.3אאאאא
אאאאאK
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JאאData and Padding
אאאאאאא

٦٤١٥٠٠אאאאאאאK
אאאא٦٤F

٦٤אאאאאE{אאא
א٦٤אא١٥١٨K


Jא Frame Check Sequence -FCS)E

אאאאא
٤אאאKא

אאאא א {
א א א  א   א  א   { א

אאאאאאאא
א{אאאK

F٨J٩EאK
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J(Ethernet X Base Y Standards )
  א א IEEE 802א א  א אאא 

אFאאאאא–אאא
א–אאE{אאא{אא{

אא אא א א  א   אא K
א  אא א 

א אא   א א
W

אאWX Base YXאאאLאL{
BaseאאאאאאאאFאE{

Y       א אSegment {   א
אאאאאא

אאX Broad YK


Jאא10 Base 5, thick Ethernet 
 א  א אאIEEE 802.3 אא10 Base 5,thick 

Ethernet  والتي אאאאאRG8אאא
١٠א Lא א٥٠٠ א 

אאX١٠L{Y٥٠٠Kא
א אא א א א א   ٢٥٠٠א  F٥

Eאאא
אאאא٥}٢ KאF٨J١٠E

א10 Base 5K
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  א א א   IEEE 802 10 Base 2
אאאאאאRG 58 

  א ١٠ L   אא
א٢٠٠F٢١٠٠KEאאאאא

  א א  א א   א א    Fא
 ١٨٥א  E אא    א א  א אא   

אאאאאKאF٨J١١Eא10 Base 2K
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א א א  א א     

אאאאאאא
אא١٠٠LאאאFast Ethernet 

 K  ١٩٩٨א     א א   א  
אא  אאא١ L א

אאאאאאK
אא אIEEE 802 

אK


א
א

א
אא

א
א


אM b/s




א


10 Base 5  RG810٥٠٠CSMA/CD 
10 Base 2 RG58 10١٨٥CSMA/CD
10 Base Tא


Cat 3 UTP 10١٠٠CSMA/CD

10 Base FLא



א

10٢٠٠٠CSMA/CD
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10 Broad 36RG8 10٣٦٠٠CSMA/CD
100 Base TXא


Cat 5 UTP 100١٠٠CSMA/CD

100 Base T4א


Cat 3 UTP100١٠٠CSMA/CD

100 Base FX
א


א

62.5/125 

 
100


٤٠٠

 
CSMA/CD

1000 Base 
LX


א


א

9/125 

 
1000


٥٠٠٠

 
CSMA/CD

1000 Base 
SX


א


א

62.5/125 

 
1000


٥٥٠

 
CSMA/CD

1000 Base 
ZX


א


א

9/125 

 
1000


١٠٠٠٠٠

 
CSMA/CD

1000 Base 
CX


א


STP 

1000٢٥CSMA/CD

1000 Base T
א

Cat 5,5E 
UTP

1000١٠٠CSMA/CD

                  אאIEEE 802 
 
٨J٣J٢אאאאToken Bus 

אאאIEEE IEEE 802.4אא
אאא{אא

אאאאKאאאא
אאאאאאKא

אאאאאאאא{
אא א

 אF١١١١١١١١Eאאאא א א
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אא{אאא
אאאאאאאאאאאK

אאאא
א  א א א א  א  א א אא אK

{אאאאא
אא

א       א א  אא  א 
אאאאאאK

אא אאאא א  
אK


٨J٣J٣אאאאאאToken Ring 

   א א  א CSMA/CD
אאאאאא
 א  א     א א א   א  א

   א א  א      א 
 א  א א   א  א א א 

Kאא 
   IBM א  א א    

אToken Ring א IEEE  א אIEEE 802.5א
 אIBM Token Ring אא IBM

אIEEE 
אאToken RingאאFאאEא

  אאpoint- to- point
אFאאאMulti-station 

Access Unit (MAU)  א א   Token Ring 
  Repeaterא      אא  
{אא
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א      א  א א  א  Kא א   
Token Ringאא אא {א א

אאאאאאאאא
Token Passing RingאאאאKא
אא٢٤אאא

K
אאאאאאאאאאאא
אאאאאאאאאא{

אאאאאאאא{א
אאאאאאאא

אאאאאאא
אא{אאאאא{אא

אא{אאא
אאא א אאא K

אאאאאאאא
א{אא{

א{ אאאאא
אאK

אאאUTP Cat 5RJ45 
Token Ring  {אIEEE 802.5א٤

L١٦LאאK
אF٨J١٢ E    אא   א
אאK
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٨J٣J٤אאאא
(Fiber Distributed Data Interface -FDDI)

   ١٩٨٠  א א א American National 
Standards Institute (ANSI) א  FDDI   א  

א א א א א     ( Ethernet-Token 
Ring) {     א א     א אא

UNIX  K א א א ANSI  IEEE 802.5א 
אאא    אFDDI א  א א א   

 א  א א  F١٠٠ L  E אא א  
אאאא

אאאאאא
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אאאאאאאאא
אK

אאאFDDI
א   א א Fast Ethernet   FDDI  

א אא א          {  
 א א א אאאא WAN FDDI 

      א  א٢٠٠א K  ١٠٠٠
 {  א א  FDDIא א   אא 
אLAN and MAN אFDDI

אאאאFDDIאFאא
٢٠٠Kאא١٠٠٠אKE
אאאאאFDDI Token Ring 

א אIEEE 802.5א   אא א    א
אאאאאאאאאא

אאאאא
א      א      א 

אאאאאאא
אאאK

  א א  Token Ring א אIEEE 802.5  {   
אFDDI   א א א   

אא{א{אאא
 א   א   א  { א

אא٢٠٠אK١٠٠٠{א
אאאאאK

אFDDI אאANSIאToken Ring אאIEEE 802.5 
אא אא  א {   

אאאאא
FDDI א  אא Dual Attachments   
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 א   א {
אא{אאאאא{

FEאאאFאE
אאאאא

אK
 א א Token Ring אאIEEE 802.5  

אא א א א א אא א   
אא{{אFDDI {אא

Switch אאא {א
א{אאאאאK

{אאאאאא
 אא FDDI    אאא א

  אאא Kא א א א א א
  ١٩٩٠  ANSI   א  אFDDI 

אאאאאאאUTP Cat.5 {
א א   WCopper Distributed Data Interface (CDDI)  K 

IBM א א FDDI א א א  א
אSTP K
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אא
אאW 

١W؟אאאא

٢W؟אאאאאאאא

٣W א   א א   א א א א 

؟אא

٤WW

J 10 Base 2
J 10 Base T 
J 10 Broad 36 
J 1000 Base SX 
 

٥ Wא  א    Token Ring א אIEEE 802.5
אFDDI ؟


٦WאאאאK

٧ Wא א   א      { אא   

אאאאאאאK

٨Wאא אאא  {א

אאאאאא؟אאאא
٩WToken Ring  { א אא א

אאאאאKאא
אא؟
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١٠ W   א א       A {B{C{Dא 
א{אאAאCKאאא

אאCאאFאאEאB K

١١WאאאK

Jאאא10 Base 2 ؟
J
J
J
J

Jא10א Base 2 K
JRJ 45J٢٠٠
JRG 45J200 
JRG 58-١٨٥ 
JRG 8J185 

J10 Base 5؟
J٥}١
J٢
J٣
J٥}٢

Jאא؟א
Jאא
Jאא
Jא
Jא
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JאאאToken Ring ؟
JאK
JאאK
JאאאK
JאK
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אאWאאFWireless NetworksE
אאW

אאאאאאאאאK


אאW
אאאW

١K אאאאאאK
٢K אאאK
 

אאאW
אא٩٠K٪


אאW

אK


אאW
אאK


אאW

אאאאK 
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٩J١
אאאאא

    א א  א א   
א א   אא א א    

אא  א  א א א
 אא א א   א א א 

א א א {א א אא א  א {
א אא אאאא אאא

אאאאא


٩J٢אא(Satellite Communications) 
אאאאאאאא

٣٦٠٠٠אFGeostationary orbitEאאאK


٩J٢J١אאאאאא
Jאאא

Jא
Jאא
J


Jאא

JאאאFFixed Satellite Service- FSSE
JאאFBroadcast  Satellite Service- BSSE
JאאאFMobil  Satellite Service- MSSE
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Jאאא
Jאא
Jאא
Jאא

אF٩J١EאאאאאאK
א   א אא א א א א

אאאאK
א (up link)

א(down link)אאאאF٩J١KE



٩J٢J٢אאאאאא

J א  א  FאE
 א אא    א א א   

FאE
אF٩J٢Eאאא
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JאאאאFאEאא

אאאאא
אאFאKEאF٩J٣Eאאא






Jאאאאא
F-VSAT(Very Small Aperture Terminal

אא אאא
   א  א FאE    א א א
אאאאאאאF٩J٤Eא א

אK
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٩J٣אא(Cellular Wireless Network)  
אאא

אאאאא(mobile station)א(base station)
אאאcellאאאא

(mobile telephone switching center)אאא
אאאאאא

אאאא{אאאא
אאאאאKאאאאאאא

אא٩٠٠J١٨٠٠J١٩٠٠٣}٢K
א אא אא אאא
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